WHEN 9,10-dimethyl-1,2-benzanthracene (DMB) ia olive oil is applied to the skin of female rats, breast tumours are induced in about 75 (Howell, 1959) . During these experiments it was noted that many animals, male and female, developed skin tumours and it is the purpose of this paper to describe these tumours in detail and to contrast the morphology of the tumours induced by DMB and MC. Attention will be confiried to the tumours in females because the DMB-induced skin tumours were similar in males and females, and because male rats were not treated with MC.
A total of 78 rats derived from two sources were used. Thirty-six were from the Birmingham strain (Laboratory Animals Bureau Catalogue of Uniform Strains No. 626, 1953) , and 42 from outbred laborato-ry stock. They were kept in galvanised wire mesh caues, never more than 5 rats per caue and were given rat cubes (Heygate and Sons, known as the Thompson diet) and water ad libitum. At the start of treatment they were 3 to 4 months old. DMB and MC were dissolved in olive oil and 0-5 per cent solutions of both were used; solutions of 1-6 per cent DMB and 1-2 per cent MC were also used. The number of animals treated with each solution is given in Table 1 . The carcinogens were applied at fortnightly Post Mortem Examination and Histological Methods As the skin tumours were almost invariably multiple it was not possible to preserve all of them for microscopic study, but examples (usually the largest and the smallest tumours) with a wide margin of surrounding skin were taken from every animal. Tissue from all breast tumours and from the right inguinal breast were always preserved. Blocks were also taken from any other organ showing gross pathological changes.
All tissue was fixed in 4 per cent formaldehyde-saline. Sections were stained with Ehrlich's haematoxylin and eosin, Weigert's haematoxylin and Van Gieson and by Lawson's elastic stain. When necessary frozen sections were cut and stained for fat.
RESULTS
The results are detailed in Table 11 . (Ghadially, 1958 (Ghadially, , 1959 (Ghadially, and 1961 .
The commonest variety observed in the present material consisted of a circumscribed lesion the base of which formed a cup-shaped depressiort in the dermis with a regular, even contour. It was composed of irregular, papillarv folds of sqliamous epithelium, freqttently showing hyperkeratosis and parakeratosis, projectiny from the base towards the surface where the mass of surface keratin formed a budshaped exeresence above the level of the surrounding skin (Fig. 2) (Fig. 4) (Fig. 7) . Immediately adjacent and adherent to the squamous epithelial nests, and also apparently lying free in the stroma, were masses of basal cells. These cells were darkly staining with rather irregular nuclei tending to be spindle shaped, and although the cytoplasm was ill-defined each cell was distinctl separate from its neighbours. Thev were sometimes arranged y zn in short or long tendril-like columns 3-4 cells thick mitotic figlires were uncommon (Fig. 8) . Occasionallv, and in close proximity to the squamous epithelium, small groups of cells showing sebaceous differentiation, and containing fat were observed (Fig. 6) . The more poorly differentiated examples of these tumours showed more basal cell proliferation and fewer squamous epithelial nests, without anv tendency to imitate the structure of hair follicles.
The stroma of the tumours varied considerably in appearance. Most frequently it was loosely arranged with plump fibroblasts and scanty collagen, and in manv instances there was a faintly myxoid appearance (Fig. 6) (Fig. 10) . Other examples showed a tendril-like arrangemeiit of cells radiating from the centre of the cell mass to the periphery (Fig. I 1) . In several tumours areas of squamous differentiation were observed, usually in isolated areas, but when these were numerous the distinction between rodent type basal cell carcinoma, basisquamous carcinoma, and the tricho-epithelioma became difficult (Fig. 12) .
In the larger tumours areas of necrosis were observed, and sometimes progressive enlargement of the cell cytoplasm which became clear and vacuolated leading to the formation of small cystic spaces containing amorphous, faintly eosinophilic material (Fig. 13) . Sometimes the central areas of a tumour showed extensive degeneration leaving a complex, apparently multiloculated cyst, lined by a broad zone of surviving basal cells (Fig. 14) .
The stroma of these basal cell tumours contained little fibrous tissue, but around the tumour there was usually a well marked fibrous and chronic inflammatory reaction separating cell masses and giving rise to a distinctlv lobiilar appearance.
Sebaceous tumom-8
Five of these were found, all in MC-treated rats. They had no characteristic gross appearances, but thev were smaller than the other tumours described and all showed ulceration. Microscopically they were situated in the superficial dermis and were composed of fullv developed sebaceous cells with the typical foamv, fat-containing cytoplasm and large central nuclei (Fig. 15) (Ghadially, 1959) , hedgehog (Ghadially, 1960) and the duck (Rigdon, 1956) .
The rat differs from the other species mentioned in that there has been a feehng, among cancer research workers that the rat is resistant to the effects of carcinogens applied to the skin. That this is erroneous has been shown by several investigators ; Bachmann et al. (I 93 7) observed 2 rats with skin tumours out of 4 treated with MC surviving for longer than one year. Bielschowsky (1946) obtained a small number of basal cell carcinomas in rats treated with 2-anthramine. Lennox (1955), also using 2-anthramine and a larger number of rats, obtained a variety of skin tumours, including basal cell carcinomas and sebaceous adenomas, a result since confirmed by Zackheim, Simpson and Langs (1959) . From figures illustrating the paper by Lennox (1955) it appears that some of the tumours were examples of kerato-acanthoma and it is probable that Fig. 17 in the paper by Zackheim et al. is also an example of this type of tumour. It is thus apparent that the rat is only relatively resistant to the effects of carcinogens applied to the skin in that the average tumour induction time may be somewhat prolonged, but nevertheless an interesting and wide range of skin tumours are produced.
In the present experiments the kerato-acanthoma was the most common tumour, the majority of them being found in the group treated with 1-6 per cent DMB. The early development of these tumours in relation to the hair follicle and the follicular cycle have been well described by Ghadially (1961 (Fig. 16) . The associated sebaceous gland becomes atrophic and may disappear. Areas of cellular proliferation both in the follicles and in the walls of the cysts, which themselves appear somewhat similar to the human sebaceous cyst (Fig. 17) , are not uncommon and may give rise eventually to kerato-acanthomas (Fig. 18) Two basic modes of origin of these tumours were observed. In many instances the first evidence of basal cell proliferation occurred in the deeper layers of the epidermis and consisted of small downgrowths of cords and columns of basal cells associated with a mild fibroblastic reaction around their periphery (Fig. 19) (Fig. 21 and 22 ). These changes bore a close resemblance to intra-epidermal carcinoma (Bowen's disease) of man except that there was only scanty evidence of an inflammatory infiltrate in the adjacent tissues. There is a possibility that the few examples of infiltrating squamous cell carcinoma seen in the present material were derived from these lesions, which unfortunately were unrecognisable grossly during the life of the animal, but from the appearances of the few squamous cell carcinomas observed, it appears more likely that they arose from malignant change superimposed on a pre-existing kerato-acanthoma.
It is interesting to note the differences in tumour inducing properties of the two carcinogens used in these experiments. It is clear that in this respect, with DMB the skin is less sensitive to the carcinogen than the breasts, which develop tumours one to two months before skin tumours are observed. With MC applied to the skin, breast tumours are rare ; this is in marked contrast to the results obtained when it is given orallv- (Huggins, Briziarelli and Sutton, 1959) ; however the skin eventually does develop tumours although some 9-10 months later than with DMB.
The reasons for the differences in tumour morphology between animals treated with MC and DMB is not known, but it may be of significance that the effect of DMB on the skin in causing epilation, with consequent greater damage to hair follicles is always greater than with MC, regardless of solvent and solution strength. This may also partly explain the differences in induction times of the tumours induced by the two carcinogens.
Whatever the reasons for these various differences the experiments described show conclusively that rats produce a wide range of skin tumours in response to carcinogenic hydrocarbons. The 
